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ABSTRACT This study collected 324 chicken cloacal
swabs from 6 broiler farms in 4 different areas in Shanxi
Province, China (i.e., Lvliang, Taiyuan, Jinzhong, and
Yangquan), and analyzed the antimicrobial resistance
and virulence-associated genes of the isolates to investi-
gate the prevalence, drug resistance, and virulence gene
data of Campylobacter jejuniin broilers. The population
structure of C. jejuni and genetic evolutionary relation-
ships among isolates from broiler farms in different
regions were studied by using multilocus sequence typ-
ing. A total of 35 C. jejuni isolates with an infection rate
of 10.8% (35/324) were obtained. The isolates were
most resistant to ampicillin (85.7%) and were most sen-
sitive to erythromycin (14.3%). Isolates with multidrug

resistance accounted for 88.6% of the total isolates.
In this experiment, 15 distinct sequence types were iden-
tified and included 9 new unique sequence types. cadF
was present in all isolates, and ciaB had the lowest prev-
alence (51.4%). C. jejuni collected from broiler farms in
central Shanxi had varied infection rates, and their over-
all positive rate was lower than of C. jejuni collected
from other regions of the country. The isolates had high
resistance to quinolones and B-lactams, and multidrug
resistance was prevalent. The isolates were genotypically
diverse and carried 5 virulence-associated genes at high
rates. Therefore, the importance of source contamina-
tion control in broiler farms is emphasized and may have
considerable effects on human and animal health.
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INTRODUCTION

Campylobacter is a zoonotic pathogen that is spread
through food. Campylobacter jejuni is the most common
pathogenic member of this genus and is the primary
cause of bacterial gastroenteritis in people worldwide
(Man, 2011). Fever, diarrhea, stomach pain, nausea,
and vomiting are the most common clinical symptoms of
campylobacteriosis. The World Health Organization
(WHO) estimates that Campylobacter causes more
than 37,000 deaths each year worldwide (Goualie et al.,
2019).

Poultry is widely recognized as the natural host of
Campylobacter species. Campylobacter colonization
rates in broiler flocks range from 3% to 90%, with the
highest rates found in flocks older than 3 wk (Marotta
et al., 2015; Tangkham et al., 2016). The misuse of
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antibiotics has led to the emergence of selectively resis-
tant C. jejuni in chickens in poultry farms (Cerf et al.,
2010). Antimicrobial resistance in animals has serious
implications for humans primarily because poultry is
one of the animal vectors that can expose humans to
infection and their contamination with resistant strains
can lead to the spread of resistance through the food
chain (EFSA Panel on Biological Hazards, 2009).

Comparing and determining the source of infection
and route of transmission is difficult due to the high
molecular diversity of C. jejuni (Kaakoush et al., 2015).
Multilocus sequence typing (MLST) is a genotyping
approach that is frequently used for the molecular typ-
ing of C. jejuni isolates because of its high resolution
(Dingle et al., 2001) and may be applied to trace the
genetic origin of pathogenic bacteria. MLST uses the
genetic variation of 7 housekeeping loci of C. jejuni to
determine molecular relationships among isolates.
An open database of Campylobacter is available at
PubMLST (http://pubmlst.org/campylobacter).

The cecum is the main colonization site of C. jejuniin
poultry. Intestinal damage is accompanied by motility,
adhesion, invasion, and toxin production after coloniza-
tion (Epps et al., 2013). Some genes, such as flagellin
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flaA, fibronectin cadF, and cytokinin cdtABC, have
been identified to be associated with the pathogenicity
of C. jejuni (Nguyen et al., 2016).

Humans currently consume nearly 60 billion chickens
per year, more than any other food of animal origin
(Colles et al., 2016). Reports and epidemiological data
on C. jejuni in Shanxi Province, China, are scarce.
Hence, the purpose of this study is to investigate the
prevalence, drug resistance spectrum, and virulence
genes of C. jejuni in broiler farms, which are the main
pollution source in some regions of Shanxi Province,
China and to analyze the genetic diversity of C. jejuni
by using MLST typing.

MATERIALS AND METHODS
Ethical Statement

No animal experiments were carried out in the course
of this study. And the cloacal swabs of chickens collected
from each farm did not compromise animal welfare. The
whole process did not cause panic among the chickens,
nor did it affect the physical condition and subsequent
life of the collected individuals.

Sample Collection and Preparation

Six broiler farms in 4 central regions, all of which pro-
vide live chickens or chicken meat to local markets, were
sampled from July to October 2021. The desired sample
size was derived by using Thrusfield’s formula (Thrus-
field, 2018) on the basis of a 95% confidence interval and
a sample size with 5% precision for the estimated preva-
lence of C. jejuni. The broilers in the slaughterhouse
were 8-wk-old white-feathered broilers. A total of 324
samples of chicken cloacal swabs were obtained through-
out the experiment. The sample size collected varied
depending on the size of each broiler farm as follows:
Lvliang Farm I (n = 54), Taiyuan Farm II (n = 45),
Jinzhong Farm III (n = 116), IV (n = 37), Yangquan
Farm V (n = 46), and VI (n = 26).

Establishment of an Identification Method for
C. Jejuni

The 16SrRNA gene of Campylobacter spp and the spe-
cific hipO gene (Z36940.1) of C. jejuni were selected to
design primers to establish a double PCR identification
method. The primer sequences are shown in Table 1. A
Mighty Amp Genotyping Kit (TAKARA, Kyoto, Japan)
was used to perform PCR amplification with a total

Table 1. Primers used for duplex PCR assays.

volume of 25 uL, which contained 12.5 uL of 2 Mighty
Amp Buffer (4 mM Mg®"), 0.5 uL of Mighty Amp DNA
Polymerase (1.25 U/L), 1.25 uL of chromosomal DNA
template, 1.25 L of the upstream and downstream of
each of the 2 primer pairs, and 5.75 uL of sterile distilled
water. The reaction conditions for 30 cycles were incuba-
tion at 98°C for 2 s, denaturation at 98°C for 10 s,
annealing at 56.4°C for 15 s, and extension at 68°C for
45 s. PCR products were electrophoresed on 1.2% aga-
rose gel and photographed by using a WD-9413B gel
imaging analysis system (LIUYI, Beijing, China). The
suspected samples were confirmed to be positive through
comparison with the standard bands of C. jejuni
(ATCC33560).

Isolation and Identification of C. Jejuni

After cloacal swab samples were collected from broiler
farms with sterile swabs, the swabs were deposited in
10 mL centrifuge tubes containing Cary—Blair transport
medium (Hopebiol, Qingdao, China) and transported on
ice to the laboratory within 6 h. The samples were tested
promptly after their arrival. Each swab was placed in a
test tube containing 5 mL of Bolton broth (Hopebiol),
then placed in an anaerobic culture tank (MITSUBISHI
MGC ANAEROBIC CULTURE, Tokyo, Japan) under
microaerobic conditions (5% O, 10% CO,, and 85% N»)
provided by a microaerobic gas-producing bag (Hope-
biol), and incubated at 42°C for 48 h. Each sample was
dipped into the enriched broth by using a sterile inocula-
tion loop and scribed in 3 zones on Skirrow blood agar
plates (modified Skirrow agar). Then, they were placed
in an anaerobic culture jar with a microaerobic environ-
ment and incubated for 48 h at 42°C.

Suspect colonies were chosen from the Skirrow plates
for DNA extraction and double PCR identification.
First, DNA was extracted by using a crude method, and
suspicious single colonies were selected, suspended in
centrifuge tubes holding 120 uL of sterile water, boiled
in water for 10 min, and centrifuged at 34,613 x ¢ for
5 min. The supernatant obtained was DNA, which was
used as the PCR template. The established PCR method
was then used for identification.

Antimicrobial Susceptibility

The disk diffusion technique suggested by the WHO
was utilized to detect C. jejuni drug resistance in accor-
dance with the Institute of Clinical and Laboratory
Standards (CLSI) guidelines (Fothergill, 2012). The
sensitivity to the following drug tablets was tested:

Organism Primer Sequence (5'-3') Amplicon length (bp)

Campylobacter spp. 16STRNA F:ATCTAATGGCTTAACCATTAAAC 857 (Zendehbad et al., 2013)
R:GGACGGTAACTAGTTTAGTATT

C. jejuni hipO F:GTAAAGCCACAATAAGCAA 229

R:AAGGCAATGATAGAAGATG




PREVALENCE ANALYSIS OF CAMPYLOBACTER JEJUNI 3

gentamicin (10 ug), ampicillin (10 pg), norfloxacin (10
ug), ciprofloxacin (5 ug), levofloxacin (5 ug), tetracy-
cline (30 ug), erythromycin (15 ug), nalidixic acid (30
ug), clindamycin (2 ug), and cefotaxime (30 pg). All
antibacterial sensitivity tests were performed on Mueller
—Hinton (MH) agar plates. The concentration of the
bacterial suspension was adjusted to 0.5 McFarland
(approximately 1 x 10® CFU/mL). Then, 120 uL of the
suspension was evenly spread onto MH agar plates with
a disposable sterile applicator stick and incubated for
10 min at 42°C. The drug-sensitive paper was then
adhered to the surface of agar by using sterile tweezers
and cultivated for 24 h under microaerobic conditions at
42°C. The size of the bacteriostatic ring was observed.
The bacteriostatic ring’s edge was restricted to the visi-
ble development of bacteria that were not apparent to
the naked eye. Qualified plates were taken out for mea-
surement, and plates without bacteriostatic ring forma-
tion or with obvious bacterial undergrowth were further
cultured in the culture tank, then taken out and mea-
sured after 48 h. The diameter range (mm) of each drug
tablet’s inhibition ring was measured independently. In
accordance with the CLSI judgment criteria, the isolates
were classified as sensitive, intermediate, or resistant on
the basis of the size of the inhibition ring in the culture
medium. The judgment criteria are detailed in Table 2.
An isolate was considered multiresistant if it was resis-
tant to 3 or more unrelated antimicrobial medicines
(Maesaar et al., 2016).

MLST System

MLST was carried out as described by Colles and
Maiden (2012) and Dingle et al. (2001). Seven house-
keeping genes (aspA, glnA, gltA, glyA, pgm, tkt, and
uncA) were included in the scheme. The primers for
gene amplification and sequencing are available on the
Campylobacter MLST website (http://pubmlst.org
campylobacter). The reaction conditions were designed
in accordance with the instructions for the GoTaq Green
Master Mix (Promega, Madison, WI) kit and the
sequence length. The settings were as follows: 2 min of
incubation at 95°C, 30 s of incubation at 95°C, 1 min of
incubation at 50°C, 1 min of incubation at 72°C, 30
cycles, and 5 min of incubation at 72°C. Each 25 uL reac-
tion system included 12.5 uL of GoTaq Green Master

Table 2. Antimicrobial name and judging criteria.

Mix, 1 puL each of upstream and downstream primers
(10 uM), 2 uL of chromosomal DNA template, and 8.5
uL of sterile distilled water. The purification and
sequencing of PCR products were performed by BGI
Genomics (Beijing, China). The sequenced sequences of
different housekeeping genes of C. jejuni were submitted
to the MLST database for comparison and analysis, and
the sequence type of the strain was determined on the
basis of the sequence number of the matching alleles.
A clonal complex is a group of sequences consisting of
similar sequence-type strains. The sequence was then
sequenced and introduced into MEGAT software to con-
struct a relational branching diagram of the isolated
C. jejuni strains. New alleles and ST's were submitted to
the PubMLST database.

Identification of Putative Campylobacter
Virulence Genes

The presence of 6 Campylobacter virulence genes (cadF,
flaA, cheY, cdtA, cdiB, and cdtC) was determined by using
PCR. The primers used in this study and the optimized
conditions are shown in Table 3.

Data Analysis

The chi-square test in IBM SPPS Statistics 26.0 (IBM
Inc., Armonk, NY) was used to examine differences
across categories within defined groups. Fisher’s exact
test in the chi-square test was used to examine the vari-
ability of separate positive rates. P < 0.05 was consid-
ered significant for the wvariability of broiler farm
samples in each region. Histograms were prepared with
GraphPad Prism 6.0 software (San Diego, CA).

RESULTS

Isolation and Prevalence of C. Jejuni From
Chicken

Double PCR identification detected 35 (10.8%) posi-
tive samples of C. jejuni and 8 (2.5%) other strains of
Campylobacter spp among the 324 collected cloacal
swabs. The identification results of some strains are
shown in Figure 1. Broiler farms in Yangquan had the
lowest positive rate of 2.8%, and those in Lvliang and

Criterion (mm)

Category Antibacterial agents Dosage (1.g) Resistance (R) Intermediate (I) Sensitivity (S)
Macrolides Erythromycin 15 <13 14-22 >23
Clindamycin 2 <15 16-18 >19
Quinolones Norfloxacin 10 <12 13-16 >17
Ciprofloxacin 5 <15 16-20 >21
Nalidixic acid 30 <13 14-18 >19
Levofloxacin 5 <13 14-16 >17
Aminoglycoside Gentamicin 10 <12 13-14 >15
Admidia-lactam Ampicillin 10 <13 14-16 >17
Cefotaxime 30 <22 23-25 >26
Tetracyclines Tetracycline 30 <11 12-14 >15
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Table 3. PCR primers for virulence gene.

Primer Sequence (5'—3') Size (bp) Reference T annealing
cad-F TTGAAGGTAATTTAGATATG 400bp (Konkel et al., 1999) 45°C
cad-R CTAATACCTAAAGTTGAAAC

fla-R AATAAAAATGCTGATAAAACAGGTG 855bp (Hickey et al., 2000) 53°C
fla-F TACCGAACCAATGTCTGCTCTGATT

cdt-F CAGAAAGCAAATGGAGTGTT 620bp (Datta et al., 2003) 55°C
cdt-R AGCTAAAAGCGGTGGAGTAT

cia-F TTTTTATCAGTCCTTA 986bp 42°C
cia-R TTTCGGTATCATTAGC

dna-F AAGGCTTTGGCTCATC 720bp 46°C
dna-R CTTTTTGTTCATCGTT

che-F CCCTAACAAGACTTGGACACGAT 407bp 55°C
che-R TACCGCTCTTCTACGATAAAG

1000bp
700bp

500bp
400bp

300bp
200bp

100bp

Figure 1. Detection samples results of duplex PCR. M: DNA Marker DL1000; 1—5: separate samples; 6: Negative control.

Table 4. Prevalence of C. jejuniin each poultry farm.

Region No. of samples No. (%) of positive samples
Lvliang 54 2(3.7+1.9)"
Taiyuan 45 3(6.7+3.8)™"
Jinzhong 153 28 (18.0 £ 6.5)"
Yangquan 72 2(28+1.4)"

*bDjfferent lowercase letters in the table indicate statistical difference
(P<0.05).

Taiyuan had the positive rates of 3.7% and 6.7%, respec-
tively. The highest positive rate of 18.0% was shown by
broiler farms in the Jinzhong area and was significantly
different from the positive rates of broiler farms in the

100 —

80 —

Percentage of strains

0

NOR CIP LEV NA AMP CTX CN E

Lvliang (P < 0.05) and Yangquan (P < 0.05) areas. No
significant differences were found between broiler farms
in Taiyuan and those in the other 3 areas. The details
are shown in Table 4.

Antimicrobial Susceptibility Testing

All isolates were tested for antimicrobial resistance. The
resistance rates of 10 antimicrobial drugs are illustrated in
Figure 2. Multiple antimicrobial resistance profiles were
determined (Table 5). The isolates had the highest rate of
resistance to ampicillin (85.7%) then to quinolones (nor-
floxacin and nalidixic acid) and cefotaxime (both 80.0%).

TE DA

Figure 2. Antimicrobial resistance of C. jejuni. Abbreviations: AMP, Ampicillin; CIP, Ciprofloxacin; CN, Gentamicin; CTX, Cefotaxime; DA,
Clindamycin; E, Erythromycin; LEV, Levofloxacin; NOR, Norfloxacin; NA, Nalidixic acid; TE, Tetracycline.
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Table 5. Antimicrobial resistant profiles of C. jejuni isolates.

Percentage
No. of isolates
Antimicrobial resistance profile of isolates (%)

CN-LEV-DA-CTX 2 8.6
AMP-NOR-TE-DA-CTX 1
AMP-NOR-CIP-NA-CTX 2
CN-AMP-NOR-CIP-NA-DA 2
AMP-NOR-CIP-LEV-NA-CTX 3
CN-AMP-NOR-CIP-LEV-TE-NA 2 5.7

0

4

1

3

1

—_

AMP-NOR-CIP-LEV-TE-NA-CTX
AMP-NOR-CIP-LEV-TE-NA-DA-CTX
CN-AMP-NOR-CIP-LEV-TE-NA-CTX
AMP-NOR-CIP-LEV-TE-E-NA-DA-CTX
CN-AMP-NOR-CIP-LEV-TE-E-NA-DA-CTX

Abbreviations: AMP, Ampicillin; CIP, Ciprofloxacin; CN, Gentamicin;
CTX, Cefotaxime; DA, Clindamycin; E, Erythromycin; LEV, Levofloxa-
cin; NA, Nalidixic acid; NOR, Norfloxacin; TE, Tetracycline.

In addition, the rate of resistance to ciprofloxacin, levoflox-
acin, and tetracycline was 67.0%, that to clindamycin and
gentamicin was 14.3%, and that to erythromycin was only
5% and was the lowest. In this study, 12 antimicrobial
resistance profiles were identified, with 32 strains (91.4%)
being resistant to 2 or more antimicrobial agents. In C.
jejuni, the AMP—-NOR—-CIP-LEV-TE-NA-CTX
mode (28.6%) was the most common drug resistance
mode, followed by the AMP—NOR—CIP-LEV-TE—-NA
—DA—-CTX mode (11.4%), with the overall incidence of
multiple drug resistance of 88.6%.

MLST Analysis

A total of 15 sequence types belonging to 6 clonal
complexes and 7 individual plants were identified. glyA,
pgm, and uncA showed the highest number of different
allele values of 10 each, followed by aspA, ginA, and gltA
with 8 each. tkt showed the lowest with 7. Eight new
alleles were found. Nine new sequence types were discov-
ered among the 35 isolates sequenced, 17 of which
belonged to new sequence types and 18 were not allo-
cated to clonal complexes and accounted for 51.4% of
the total isolates. The most common sequence type

isolated was 2274 (20.0%, 7/35). For clonal lines, the
most abundant clonal complex was ST-354 (14.3%, 5/
35). The sequence matching results of housekeeper gene
amplification are shown in Table 6.

Eight strains of C. jejuni were selected from the
MLST database of C. jejuni. These strains belonged to 7
sequence types, of which 4 were isolates from feces of
patients with gastroenteritis, 2 (ID: 4552, 27649) were
from China, and the other 2 strains (ID: 929, 11004)
were from the United States and Korea. Among the 4
isolates of chicken origin, 2 (ID: 24438, 31042) were iso-
lated from China and the other 2 strains (ID: 10598,
11493) were from Vietnam and Thailand.

In this experiment, clones of the same sequence type in
the same large branch with close genetic distances included
ST-354 (11351 and 11353), ST-21 (6684 and 6500), ST-353
(7452 and 1075), ST-828 (11350 and 6963), and ST-42
(469 and 9972). Two sequences of ST-42 (469 and 9972)
were genetically farther apart than those of the other 4
clonal lines. 11127/ST-464 and 11317/ST-354 originated
from broiler farms in Lvliang. 9049 and 2304 were from
broiler farms in Yangquan. 6500/ST-21 and 2274 were col-
lected from broiler farms in Taiyuan. The sequence types
of the isolates from each region were in the same small
branch, indicating the close genetic distances of the isolates
originating from broiler farms in the same area. The broiler
farms in the Jinzhong region contained all other typologies,
except for 11312, indicating that C. jejuni isolates of
chicken origin in the Jinzhong region were genetically
diverse. The genetic distance of the isolates in this experi-
ment was different from that of the isolates selected from
the typing system. However, 5860/ST-460, which is of
Vietnamese chicken origin, was in an independent branch
and was distant from other genotypes. The other isolates
had a certain genetic relationship with different isolates
from central Shanxi, China. 3905/ST-45, 469/ST-42, and
5044 /ST-257 from Chinese, American, and Korean human
feces were genetically close to 9972/ST-42, 11127/ST-464,
and 51/ST-443 from chicken sources, respectively. The
details of the phylogenetic relationships of C. jejuniisolates
are shown in Figure 3.

Table 6. Allele numbers, sequence types, and clonal complexes of C. jejuni isolates.”

MLST profile

Clonal complex ST No. of isolates aspA glnA gltA glyA pgm ikt uncA
ST-21complex 6500 3 2 1 52 3 23 100 5
ST-42complex 9972 2 1 2 42 4 1025 9 467
ST-354complex 11317 1 8 10 2 2 956 863 711
11351 2 8 10 2 2 10 12 713

11353 2 8 10 89 2 10 12 713

ST-443complex 51 2 7 17 2 15 23 3 12
ST-464complex 11127 2 24 786 2 12 687 3 1
ST-828complex 11350 3 33 39 30 82 350 3 17
Singletons 2274 7 9 17 5 10 350 3 3
2304 2 2 4 5 25 11 3 5

9049 2 2 4 5 25 22 3 5

11306 3 9 17 5 10 350 3 710

11308 1 9 17 95 10 1130 762 3

11312 1 2 1 52 889 23 100 5

11318 2 37 403 29 64 1132 29 40

*Novel alleles and STs are in boldface.
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Figure 3. Cluster analysis diagram of sequence types of isolates. Note: The black triangle represents thesequence types of the strains isolated in
this test are indicated and the white triangle represents the sequence types of isolates selected from the database.

Prevalence of Virulence Genes

All 6 virulence genes were amplified in the isolated C.
jejuni strains with specific bands consistent with the
expected target fragment size (Figure 4).

The overall detection rates of the 6 virulence-related
genes in the 35 isolates of C. jejuni are shown in Table 7.

Among these genes, the virulence factors cadF and flaA
associated with adhesion colonization had the detection
rates of 100.0% and 94.3%, respectively; the chemotaxis-
related virulence factor cheY had the detection rate of
94.3%; the toxin regulatory gene c¢diB had the detection
rate of 97.1%; the invasion-related gene ciaB had the
carriage rate of 51.4%; and heat shock-related protein

Figure 4. Results of amplification of 6 virulence genes in C. jejuni. M: DNA Marker DL2000; 1: cadF; 2: flaA; 3: cheY; 4: ciaB; 5: ¢diB; 6: dnalJ.
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Table 7. Distribution of virulence gene in tested strains.

Virulence genes No. of tested strains Relevance ratio

cadF 35 (100.0%)
flaA 33 (94.3%)
cheY 33 (94.3%)
ciaB 35 18 (51.4%)
cdiB 34 (97.1%)
dnal 34 (97.1%)

dnaJ had the carriage rate of 97.1%. Except for that of
ctaB, which had a low carriage rate, the detection rate
of all 5 virulence genes exceeded 94.0%. Eighteen of the
35 C. jejuni isolates tested had all 6 virulence genes; 14
had 5 virulence genes; only 1 had 4 virulence genes; and
2 had 3 virulence factors.

DISCUSSION

Campylobacter contamination in the chicken produc-
tion chain and retail meat varies greatly between
nations, necessitating the development of country-spe-
cific intervention strategies (Wangroongsarb et al.,
2021). According to a collection of prevalence statistics
from several Asian research, over 60% of Asian countries
(Suzuki and Yamamoto, 2009) are affected by Campylo-
bacter contamination. This value is merely approximate
data for retail chicken meat with by-products, and the
on-farm frequency of Campylobacter spp across Euro-
pean chicken flocks ranges from 18% to 90% (European
Food Safety Authority and European Centre for Disease
Prevention and Control (EFSA and ECDC) et al,
2019). The rates of infection in several Chinese provinces
and cities, such as C. jejuni contamination in Baoding
(56.0%) and chicken fecal swab contamination in Nanj-
ing (26.8%), have been reported (Wang et al., 2013). A
total of 977 strains of C. jejuni were identified from
chickens during the testing for Campylobacter in the
intestinal contents and excreta of chickens from farms
and slaughterhouses in 5 Chinese provinces; the contam-
inated samples accounted for 18.1% of samples obtained
from flocks (Wang et al., 2016).

In this work, the positive rate of C. jejuni observed in
broiler farms in central Shanxi Province, China was
10.8%, which was lower than that observed in other
parts of China and some other countries. The investiga-
tion of the source of infection in farms aims to provide a
basic reference data for C. jejuni infections, including
human and animal infections. Chicken carcasses are eas-
ily contaminated during slaughter, thus causing human
infection. The statistical analysis of the results of this
experiment showed differences in the positivity rates of
cloacal swabs between broiler farms in different regions.
A significant difference (P < 0.05) was found between
the prevalence of positive rates in Lvliang (3.7%) and
Jinzhong farms (18.0%). A significant difference (P <
0.05) was also found between the prevalence of positive
rates in Yangquan (2.8%) and Jinzhong farms (2.8%),
with the prevalence being highest in Jinzhong farms.

This difference could be due to the closed environment
of broiler farms in the Jinzhong area, as well as intensive
cage breeding and other factors. The different collection
sites and samples collected in different countries and
regions, as well as the influence of factors, such as man-
agement style and geographical health environment,
caused the findings to vary, resulting in different preva-
lence rates. Controlling the carriage rate of C. jejuni in
chickens, the main host of C. jejuni, is important for the
control of campylobacteriosis in the population.

C. jejuni is becoming increasingly resistant to clini-
cally important antibiotics, and drug-resistant strains
can be transmitted to humans through the food chain;
this situation constitutes a major public health problem
(Wangroongsarb et al., 2021). In this study, chicken C.
jejuni isolates had high resistance to quinolones and
B-lactams with rates similar to those reported in previ-
ous studies (approximately 80%) (Luangtongkum et al.,
2009). Meanwhile, most strains were still sensitive to
gentamicin and erythromycin. The findings of this test
were consistent with those of Wieczorek et al., 2017,
who reported that 92.5% of C. jejuni isolates from Polish
flocks were resistant to quinolones but not to erythromy-
cin. Rivera et al. (2011) also discovered that C. jejuni
had minimal resistance to erythromycin and gentamicin.
The multiple drug resistance rate of 88.6% determined
through the drug sensitivity test in this work was not
significantly different from the findings reported for
other areas in China as follows: 71.7% in Shanghai,
90.0% in Shandong Province, and 91.3% in Sichuan
Province (Chen et al., 2010; Ma et al., 2014; Han et al.,
2016) and was rather lower than that abroad. Bacteria
were resistant to 5 or more antibiotics, including norflox-
acin and ampicillin. Therefore, new antibiotics or combi-
nation medications are needed to minimize C. jejuni
infections and transmission in hens.

In this study, MLST typing was used for the first time
to investigate the genotypes of chicken-derived C. jejuni
from farms in some areas of Shanxi. The genetic diver-
sity of these strains was analyzed and revealed. The
sequence types of all isolated strains revealed that in
addition to chickens, humans, ducks, and dogs were the
sources of C. jejuni and were indicative of the diversity
of the transmission of C. jejuni infection. Furthermore,
the similarity of the distribution of the same sequence
type between chicken and human isolates suggested that
at least some cases of C. jejuni disease were linked to the
consumption of contaminated chicken, meat products,
or other food cross-contaminated with C. jejuni, with
direct contact with C. jejuni-infected chickens being
another possibility. Genetic evolution analysis revealed
that strains with the same sequence type originated
from the same area, isolates from different regions had
unique sequence types, and a few sequence types were
cross-distributed in broiler farms in different regions.
Moreover, some sequence types were genetically similar
to sequence types from other nations or sources in the
database. The PubMLST database of C. jejuni states
that the most isolated clonal complex of C. jejuni glob-
ally is ST-21, followed by ST-828 and ST-45. In a study
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on C. jejunisequence types in northern China, the ST-21
clonal complex was shown to be the most prevalent
among human and chicken isolates, followed by the ST-
353 complex (Ma et al., 2017). In the present work, the
most common clonal complex was ST-354 (14.3%), fol-
lowed by ST-21 and ST-828. These results were some-
what different from the global prevalence and previous
findings.

We also investigated the prevalence of 6 virulence fac-
tor genes in the DNA of the tested C. jejuni isolates.
The colonization and pathogenicity of Campylobacter
are linked to virulence factors, such as adhesion, invasive
ability, and toxin generation factors. The capacity of the
cadF gene to promote bacterial adhesion by binding to
host fibronectin through attachment to host epithelial
cells is a vital step in the manifestation of pathogenicity
in Campylobacter, and this ability aids the colonization
and invasion of the host organism (Krause-Gruszczyn-
ska et al., 2007). Alterations in other genes related to fla-
gellar motility (flaA), chemotaxis-assisted invasion
(cheY), and heat shock protein (dnaJ) would affect colo-
nization in the intestine (Konkel et al., 1998). The extra-
cellular toxin gene cdiB is regarded as the principal
virulence gene of Gram-negative bacteria. Our study
found that the prevalence of 5 virulence genes was high
and that cadF was present in all strains. The high preva-
lence rates of cadF and cdiB in this work were similar to
those in many investigations that observed similar con-
ditions in practically all Campylobacter isolates (Abu-
Madi et al., 2016). However, the detection rate of ciaB,
which is associated with invasion, in this work was only
half of that in other studies (Datta et al., 2003; Abu-
Madi et al., 2016). This situation may lead to a reduc-
tion in the invasiveness of the strain.
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